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‘1’hc  Mars I’athfinckr  Micr,~lt)w[  1 Ii{r,l[  I ~.[1.I it]lcl]t  (hll’l X) is a NASA oflicc  of Space
A c c e s s  and ‘1’C.ChllOIOF,~  (( )SA”l  ) ~ lijllt I ~[,cri!llcnt ~~hich lIa\ t)cctl dclivcrcct  and
intcgmtcd with tllc Mars  l’iitllfilldti (P,l I’I ) I IIdCI  aIIIl s[~accciatl  systc  III. “1 Ilc total cost d
the MI:I;X missioli,  includllly,  (ill s~’is)~[t  III dcsip,l~ alIcJ drvclol IrI]cIIt,  ICSI,  i n t e g r a t i o n
w i t h  tltc MJ’F  Iaackr  and (jl~.l,ltill  I< 011 hl I, lIa\ but)  cappLYl  al $?5N1. At time cf
delivery, apprcmimalcly  two Il]]l(i. ~}( {II, C< I ! Ilas tJCtIII  i[wulied  ‘1 lIc c{l]IJpolIcMs of t h i s

r o v e r ,  ir]lplcmcntccl  in co][]llil]tll]<l[l~  ~ II t L~I lt[ictcial.  tIlil-spcc  and s[~lllc sl)acc  q u a l i f i e d
parls, have rrrlctcrgcmc  aIId lmv.N.l  (II, 1111111,111 and qlcrational  tc<t scl-ics dcl ivcct from

lhal C~pCCtCd in CC) I) fiF,UtiIliol]  1~ i[ll 1111 l: Hid. ,IId ill t)[)t.talif)tl  (III IIIL Malllar]  surface.

‘ I b i s  pa[,cr ctiscusscs  the IM,,[ (.. ::11(1 [Ii{  ]liillcl]tc]l[a~i{)r]  schci]lc  vllictl  hds lcsullut i n

(hc dcvclopmcnt  of this fir>l hlal. I(I~C 1. I  IIe sllt)s!s!eto dc<i[~,ll~ \\llicll Ilavc provca
successful  (and not so succt.~flll)  ,31c a}<) ti,. cli[wd t]~ icfl) alorl:l,  \\i[l] llIc r-tquircmctlts

aad constraints (with COSI  aIl itl[{’!,,r ! l<K[  II) wllicll  l~sultcd ill tllcsc (icsirns. ‘[’he
qualificatim  status of these subsj .[( II . ,. al .I) Ilrc>rl]tc,l.

IN”I’KO1)  LJ[:’I’ION”

(h) July 4, 1997 the Mars l%r[hfilldci ( M1’i )
sprcccmfi  cakvs  (I1c M a r t i a n  atltiof~)ltc~(:. is
braked  successively by all acrmllcll  p; II< I.l III IL,
mckcls  and airt)ags. O n c e  01) t}ic  S!llliti(c  III(’

lander (the remaining porlim of tllc sl K14.,{  I< ‘1)
I ip,hts itself by retracting airbags al]cl d(.l~lo} i I;’
petals. orl the I,clals arc solar paltc]s lif,i~ll “\I, II

}mwcr tl}c lamb for the rernaindcl of II\ l]li.~.}(1

(h)  or~c  of these petals is the Microl(,\(,l  I I I!, III
I:xpcrilncnt  (h41:IiX),  the first rovinp vcl}i~ 1. ~ it

MaIs.

‘1’l)c MI:l{X  is a flig,h{ cxpctimcnt  of au{ot,,I~Ito”  .

Ino[)ilc  vchiclc  Iccl]nologics,  lvtmc I)i I 1, >
tnissioll  is  to  dctclminc  nlicror-ovct  lKI [(M[iI III ~
in the poot Iy unders~ood plaachity  kr I<titI b!

M a r s .  After Iawiiag,  the microrcrvcr  i~ dqIlcJjI ,1

florn (IIC lander and bcp,ir]s a nomirlal  7 S,II ( I \ ,1
I  Maltian d a y )  tnissioa t o  colrlu. ( :; I II

tcclII~olo~,y cxpct  imca(s as dctcrl]]itlillp,  i!, IIL,
s o i l  inlctactions,  navip,ating, tlal,trsi[]:, :1, !.1

avoid ltlp,  Ilazatclsj riIId p,alltcrin,g  d a t a  w h i c h
cllafa( 1(.ri~ci  ttlc ril~irlccrirl[’, capability of the
vcllic]c  ((lie] [ntil CWIIIOI, powc!  gcacration
pcr[orllla]lce,  (c)]l]]~lllrlicatior~, e tc . ) .  lr~ additioa,

tl]r rllictor(wcl  caI I ics an a l p h a  p r o t o n  x-ray
S[KX tl~mlctct ( A  I’XS)  \v}licl] whca ctcploycd  or)

nwks arid soil will dctcminc clcmcat
cotllp~~sitioll.  I .a~tly, to ct)l IaIIcc the cngiaccring

d a t a  ILiUtII of III( hfl’}  ]Ilission,  lIIC microrovcr
Uill itllaf:e t h e  Iiili(ll.’f  to assist irl sla[w/darnagc

a<w+ll]ctll”.

l) IS(’1{11’’I’ION

“Itlc NIIIX  IOIICI (SW I ip,. 1 )  i s  a  10.5kg,  6-
wlIc:lcci  vclliclc  6(~c III x flf$cIII  x 30cIII i n  s i z e .

A Ioc}.cr tx):!,ic d~:si:ll  is ctllploycci Ivl]ich a l lows
tlw trtivcrsc  of (J\).tiiCl(’\  a w’lIccl cfiamctcr  (Ikm)
ill si/t.. ] :riclI NIICCI  has cleats aad is

ill(lriwlldclltly actw{tcli  and p,calcd  providing the
ca~]abiti[y of CIillll)illp i]] so fl sand and

scr:unllliap,  ovcl r(wk~. “1 lIc f]onl  and Icar  wheels

atc i]jflc])crl(lc’}]llj Skwcd, provic]inp, the



capabil i ty>’  for (IIC vcbick 10 tarn in [)lac~ ( /fl( I

(arming diamctcl).  Tbc vcbiclc  has a IC,l)  s1).{:1 i
0,4n]/n] ill.

l’if,. I  MI’I;X nlicr’mrver

‘1 tic rover is powcrecl by a 0.?.2sqnl  sf)lal [1.111.  I

plovidin?,  1 6W of peak power. ‘1’llc sola! 1)~1 I. I
is backed up by primary batlcrics,  l)tt~vi~.lltl:’ UI)

10 I 50\\’-br of energy. I’bc normal dI Ivia{i, lltIv  I. I
rccluirclacnt  for tllc n~icrcrrwcr is I 0\4’.

Rover ccrmpollcnts  not d e s i g n e d  I(I  sill ~’1:1

ambient Mar’s tctnpcraturcs  (- 1 I Ockp(’ d(ll ir [j 8
Maltian  n i g h t )  a r c  containcct  ill lIIC ij :1’ III

clcclronics  box (W1;  lI). ‘1’bc  Wlltl is II I\ LIliil  L4

w i t h  solid s i l i c a  acrogcl, coated  wittl  1+ I~!
cn]issivity pait)ts, and resistively lILaluJ LII! i(’1

compa[ct con(lol  daring the day. ‘I’l Ii. (i{>.,].

a l l o w s  the ~’l;ll t o  maintain  C(JIIIIIIIIC  II’
between -40cIcF,C  and + 40ciep,C  dal ill!’, a hlatt III
sol.

( ’0111101 is provided by an intc:,l  ‘{[cd :..[ o

conlpatillpj  and power distribution ( 1(.LII (!:) $

‘ i  bc co]npu(er  i s  a n  8(K85 ralcd a[ I (IIIK l).

lvbicb USCS, in a 16 Kbytc  page skvapl)ill}’,  f;<(.~li ‘II
176Kbytcs  of l’l<OM and 576  Kby[cs  {I{ 1< A ‘~f
The computer performs 1/0 to srm)~  ‘)() S:VI f I

cll:innc]s  a n d  scrvic.cs  sacb devil. (s ii’. 111(

Calllcl”as, nlodcln, lnotors and c~,})(f Ill ‘ i l l

clccho]lics.

Vcjliclc motioti  c.onhol is accomplisllc;l  ll]t~):  jIII
[I)c onlofl  s w i t c h i n g  o f  tbc cif ivc w \~LII II;

mo[oIs.  AIi  avcra~,c  of nlotor  ct~c(xiL”i  ([II il < ~ t):
po[c[]tiotnclcr (stcerinp,)  leadings i s  IIW(I II)  :11.

c o m p u t e r  to dctcrminc  wlvw to su itc II ()!! (l].

lI)OILII”S Wtwtl  III(JIOI 5 :itc  oN, the compatcr

coIIfiLI(l\  a  ~~tokilllilj and hazard dclcclion

fullcliol],  ll~in:’, ili laL,r I SII il)ing and c a r o m

s)st~nl  (0 dctcrl~li[l~ lI]c ]msrricc  of obstacles in

its lJ,illI. TIIC vrlliclc is Sltctcd  aatonomoasiy  10

aI’~Jiit (Ibsta(lcs t)~ll  coll[illaes  t o  acbicve the

co]tlln:!lldcd ~,oal l~~c:ilio]l’. W h i l e  the  vcbick is

slop~)cd, [be (’olllllutcl also updates its

mCaC. LII L, INCII( of  di~tallcc tt~vclccl  and beading

u~il};’, IIIC avet-a[’,cd  values (tcriwd  from the motor
cIIc(d(Is  all(i 211 OII t)[mrd ~,ylt~.

(:oIi,  tI, and and tulriiic[lj  is [)rovidc(i by raciio

II I(KICIIIS 0 1 1  tjIc  r(li’ul allci  Iatldcr. I)aring  the

d:~y.  IIIC IOVCI tLtI,LIlaIly tcqacsls transmission of

all} c(MIIn~fiIId\ sctll i[ o]n cat [II and stored on the
latldct  \VIIciI  ct~[llt,]alld~  au.> not  avai lable ,  the

rt)icr [Iatlsnlils  ally lclcmct[y  to tbc l a n d e r

coll(clcd  dill ill[’, tllc l a s t  i n t e r v a l  bctwccn

colllllllltliczlti(ll]  sc~.<iotls, ‘1’clemctl-y rcccivcd by

tllL’  Iall(icl 1~ sto!~’d [illd f(lll~al”dcd  to tllc };artb.

[’(~l~ltllLlt]i(atic~ll  [IrItYLCII  the lander atld l;artb is
pt~,iidcd  t~vicc tal.+1  sol  fof t w o  b o a r s  during,

cacll [wtiod ‘I tic co[ntn:iad a n d  tclemc(iy

full(ti,)l~s (If lllt l{~\cr arc d e s i g n e d  t o  wok
willlill lIICS(’ (()[l~t~l(ll]icfitiotl constraints .

(:oII~IIIands  ai~ V,LIICI,III}  clcsigncd a t  a  ‘bip,b-

Icv( 1 ’  (fm  CXiilil])l(,  ‘[ J,().  to. waypoinl’,  wl~crc a

v;a} p~linl is a c(wrditlatc  in tlIc terrain rcfcrmced

to lIIC Iociitio]l of tlIc lander) and alc collcc(cd
irlt(} a stxlLIct Icc it)l cxccutiotl  by the rover. I’hc
scq IIcIIcc is Sufficlctlt  to carry oat ttlc mission

futll:li~ms of ttl( I~~vL.i 011 the given sol of

i~suatlcc.

(’olnlllafld~  f{)t tlIc ICIVCI arc gcncmted  and

a[lal)iis of t~’lcltlctly i s  pc]fornlcct a l  the rovcl-

(ont I{Il sta[iotl, ii silicon fyapbics  workstation
\jlIclI is  a  [J:II[ of’ ttlc h41’1’ groand c o n t r o l

()}x ralion. At  tllc cad of cacb sol of rover

tlaf  cI~c, the (aIIICIa  systcIIl 011 the lander takes a
SICIC{J  inla[l,r of (III: \ct]iclc ill the terrain. I’hose
ill]a$,~s, Imrtio[[$ of a tcl-rain p a n o r a m a ,  ancl

su]}fr~~t(in{’,  ittlaf’,c~ fi on I the  rover cameras am

(ii\ J)]!l>’Cd [It II IL’ Coll[lo]”  ~ta[iOn. ‘1’llc Opclator  i s

;{I)IL’  [(~ dcsi:llat~  ~~(lit]ts i n  tllc tert  ain on these

dii;ll(lycd  ilna:’,cs 1 Ilcsc ]mints serve as p,oal

l(walit)ns for r~lvrl lIdVCr  WS(’. In a d d i t i o n ,  the
o]xtdl(w  can usc a tIIo(icl  c)f the vehicle which,

\\lIL’11  OVCII:H(I  0 1 1  tlic iloa:’,e  o f  the vcbiclc,

JllCdWIC< lLIC;ili(Ml  and hcdin~,. ‘1’his

itll’(rllllaliol)  i. tl(lllilctlc(i  iillo  a  comlnand  file 10



be Sclll  10 the IOvcr 01) 111(’ ncxl sol 10 C!ll  IL’,  I ,1),
.

rm\’lp,atlotl crmrs and command r(l\~ci II ‘I,(I :)L’

lM1’1/l.h41iN’l’A’l’loN  AI’I’ROA(’I  I

‘1’IIc h41’l;X h a s  bcca inlplcinclllcd  l,> i <I, ,(11

team of’ cag,iaccr> (32 at peak slafl]tlf~  ) \\ )1(1 iit ill.
oatscx  l)lannc~i (IIC dc\Jclopmcllt \vitlilri !11.

cmlstraia[s  oftbc  $25M COSI cap<. As SU( II. III

early focas  of tl]c cfTml \vas lbc cIL’vcI{>I), II( III ~.1 .I

syslcm (icsifyl, a  bascliac  o f  fllllCtiOl}i{li[}’ of :}1.’

vclliclc \vbicb was ascd for costi]l~, tIIU ,IlllIItx  II

A fc\v basic fmlctions \vcrc rcmp,lliz.c,l  a, t(q II {,1
for tbc Inissirm:

Otl-boat-d  navi~aliorl and ktio\} 11.d!!~  (~
Iocalioa  fl{ml  tbc Iatldcr
btizard  dctcc[ioa and avoidance
mohilily  saitc(i for a  terra  it] LJI” S: II III v III

really  slnall  (tmdcr I  (icm)  t~x k.~ at,.i I.-,
iaty,c (grcatci  tbaa 1 n]) rocks

t l“a\cl”sc I)laa (icw’lopc(i f[{lll) Illla L’

ciisplaycd al a groal]ct  ccmtm!  \Y(IIk~t21{  I(>I\

‘i’bcsc f u n c t i o n s  \vcre (icvclopcci as 1~1 otI.~[> p~: [I

tlIc  N A S A  O S A -i”  rover  tccil]lol(~~),y I1t~,~II I’)

(blollp,ll tile ‘i<ocliy ’ series or \’tll  1!

(lc\’clol)lllel) ts’.

With li~c i;Y92 vciliclc  (i{ock>  !) ,i\ :
[ e t h n o l o g y  bawiinc,  tbc lcam clcvcl{~;~(t,l  il ( 1s!

cst imalc fcu Itlc illljllctl]crltati(lll !>: \,t rdl

colnpcmcnts  of tbc cvcataai  flip,ilt \clIlflL v ‘i(

tccogyimi  as tccllaoiogy  cilalica~,cs:
m o t o r s  aa(i gears wi]icil  woal{l  (IIJUi ,[( al
-ll(kicg[:  all(i sarvivc  to - i i O(icf,(
tbcllnai  cicsig,a  (cspcciaiiy  tile \\ ’11))  M lIILiI
woai(i  pto[ccl  scnsilivc  cicctl[)llics  l,! lx

maintaiacd  \vitbin  ~ 40dcg,~ I:IIIIIL
catncms  \vbicb coul(i bc pIO(i LI(.V. d ( II. ,:, Il\

aad sappot  I IIIC I)azard  dc(cc(iorl <>I\tciII

cotllrl]llllictili(]rl  cqaipmcnt  \\liicll \~ (1 ld(i
opcvalc wilil a frm-t-allgias  rovct
bat[cries \vilicil  \voalcl  backa[) a W.JI:II ],11.  I
sal)iccl  to a v a r i e t y  o f  sha(io\\ll]~,  itli(l lit

co]lditioas
oa-hoar(i  cmnputiag  wilicil \vc, Ltld ]lll.  k :,,.

tllc Scllsols;  CXCCIIIC Iilc b:i<i(  (It ii i ;’

aa\, iga(iol]  an(i Ilazat(i avoidat]cc  f(III(  II{)IIL (i

IIIC \’cilicic;  an(i s u p p o r t  ti~c C(J:IIIIILIII~; : IL

lClCIIIClI-y l~qaircmcats.

ia ad(iitioa,  tbc c(mponcnts  a~ \\Lli  i!. II it

illtcp,riilc(i vciliclc  Illus( bc SiIO}JII  {Illtillllhi I(E

tlIc  cn\Jilonmcllts  of IIlc m i s s i o n  (t~l. III! II
\vi[llitl tiIC Mi’i’ l{{[](i~l, 7  II] OIIti  I C[LNSC  t(l hli .

‘1 o at( olol)li<il  Illt< cliallcllf,c  the tcala a(iop[cxi a

‘tdj~iti 1110101 )’[1(’’” al)pfoacil (() tbc
ltitl)i(lllctll;tti(~]l, SiIILC it] Inany itlslances flight

qaalit  lcd comlwnl:[jt  \ \vcrL  ci(ilcr  100 cxpcnsivc
OI aliavail:iblc,  c(l]lltllclcial  0]- mil-spcc  slaaciard
C~,ll)ll~)I]C[ll\  \\cl<. j(i{>t]tif~c(i  atld Piatls k) qLlalify

1111,)[111,11 a tcsl al](i sclcc[ioll p r o c e s s  itli(iatc(i.

‘i I]is \\as (ioIIc  f’tM IIIC ca\c of Ibc m o t o r s  a n d

j:,czIiIuxcs, tiIc  caIIIcIA<,  ttlc r a d i o  Iuo(icms an(i

II IaII~ cicclloljic COIIIIKJIICat\ for tbc rover. II)
ca~es in wbictl tlItIr U’CIC n o  Ilip,bl q u a l i f i e d

III(JCiLlS  for tllc dc\JcloI)fIIci~l,  as for example tbc
llICIIIIai (Ic>sif,,l] (If lIIC Li’l;.ll. eap,inccriap  m o d e l s

\\ c c (icvciopcd  and (\ falualioll coaductc(i  cariy in

lIIC ],tot~[aal, I  il]ally, to faci l i tate  sofi\vaw

(l L-\ clopmclll al](l Clccll(mic Colllprmcnt

illt(~,l iitio}l , a i{(wl. j vc]liclc  was dclivcrcci  from

Iilc ]~)vc]  tcclin(llop,s [nf!p,larll  a t  tbc slarl of tbc
]>] (~ic(t and ]Ilailltai]lcci  :is a tcslbcd throughout

till’ d(’\fcl(qmlrll!

‘1 I]( Illohility cfilml)ili[y  oftlIc Mi’l X rover is a

f~l(]c(i(tt~ oftbc I{,ckvl-twi>,ic  aIId ‘ai[-\viwcl  d r i v e ’

dcsi~,rl  ‘i CII I[lotots atc I,quitcd : (mc for each of
6 ubc~]s  allci 4, (NIU  f{~l c~cll float  and back \vtlcci
Slc(. rilly, clcrllcl~l.  I .acl I motor mast  sarvivc the

hl a , h Silt race c]}vit(l[ltllci][, witil aip,ilt-time

tri  I)putaIutt’\  ]t~cllitl~, i i (kic~,~,  a n d  o p e r a t e
dutitl{,. (’iil”l~ lll(~]rlitlp, conditions, \vi]ea
ICIIIp, rd[ults  arc I1OI \varll~cr ti~ar]  -80(icg,(;  .
M’llcli sarlcyil]f,,  (IIC ill(lustlj  for motors which

ttliylll sa[isf~  tt](sc l(guif~’n~cats, motors
dcs!FIIcd fot  s}):tcc  fli{”,lll a p p l i c a t i o n  a r c

]I(ll]liltaily  ljrtlsillcss \ \  i(ll it]tcgrate(i  clcctroaics,

II(II  sui[ed fiu (J[).’t~(ioli  :i[ ti]csc tempcratarw.
U’ilc loatitlp, t o  IIIOVU tllc clcctroaics from ti]c
\\tl(cl t o  itlsicic  IIIC IOVCI’S  W1; iI woaid  b e

(IIfIIl).IsolII<  (tIIaIIy  \\it~s crossiag moviap,
COIIIl)LIIlCIll\)  aII:i  i)c [IIC souf~’e o f  a  bcal leak.

“1’l]i~  ~lict:it~’{i  Io[)kiti[) a t  [ill allcmate  teci]aolop,y,
t,]u ;II II]olors,  \\i]i(li  is ~,ctlcl-ally  a v a i l a b l e  fi)r

(o][l]llcrcial  al.~t S]MICC  flijl,bt  tillpiications.  Afier  a
suI\c\  (~lcol~]lll(l(i:ll  111(1101  \LIIdom,  tbc Maxoa

Illolol” \i’as (Iloscll. J! illl ili supclior  Iotquc

\Cl!. U. lll?l\S lK’lf(HlllWILI’  tilld  a Collll]ll][a[hl



sclwmlc  s u i t e d  for IIIC prcvcntim  01 w ~III;,, &
i s s u e  for (hc 8’1’on  at IIIospl IcIc al llIf f\!;iI i:: I
Sulhcc.

‘[ Iv.’ ac[ualm’s  fot the MI;[{X rmw i,~scl [~,)~u ~ ,:
c,ca[ i[l~, {icsign  w h i c h  IIatlsfcls Illali)  lUIII( of [1(:, .>
shafl of Ibc molor  into tolql]c  to IUO\  ( Ailt I;,I, IIP.

o f  m a s s .  Agai]]  (Ilc MI:llX projcc[ IuIm~,,l  I() [Ii

comrnclcial markc[ to p r o c u r e  a  p,cat  bim (c)r [II
a p p l i c a t i o n ,  Ilally cicvclopmtmt  lc,~lill{,  [)! :Ili,

p,car  tlain  and motor assembly IWC;II<’{1 ll~(z, :11,
and IliSll brmkaway  10lqll C required 10 SI iII I {III

acluatot  a t  tctl)pcI-aturc. M],l.’){
(’il~),lll (.1 ,

\wwkcd c l o s e l y  with  Maxo]~  to ctll’ti[).  [l]!: ~. III(

capzicitors  10 itnprovc tbc pow,cr-uw  IKI I{): III; IL I

at tcm])cmlurc  of the molors. 111 aIldl[II)t  I, ii.

tcstitl~,  h e l p e d  MI:IIX  cng,inccis i(lctl[il,  Ill
rwnovc g r e a s e s  and fliction  frotn [II( :f{,,it  II,,

w]) icb were sources of the f[ ccz,c-a} I ‘Ill, 1[ (Ill

is an actuator which OPC1  iilC< [ii k’ !!>

e n v i r o n m e n t ,  clraws  Icss  than  I .5W ilt II Ia\]t  II 1111

output. and h a s  sbowII no cicgrada[it)tl  afII, LI, II I

of Iifclilnc  lcsts al Icmpcr-alure.

_M()(igns

‘1’hc  MI’IIX  rovcl  gatl~crs  data darin~, ][. tlli<~ (II
an(i commonicales  1 0  a  lar)dcr  for ‘SILII ~ (IN

f(mvard’ scrvicc t o  t h e  car[b. ‘1’llis fir,, I ,,11: III:

cbamctc.ristic  of  a planetary rovct  II IzIkc.. I\ II LI . .

commun ica t ion  es sen t ia l .  II OWCVCI,  Sl)lif L III 111

examples of such lclay  Cotlll]lLlllicali(Jlls  (\lIIit  ~v
10-’1’1)1<ss, probe-to-Galileo) itl! ol\ I. II “II

po\wrcd  ( s e v e r a l  IOOW o f  Idi::tt:{l IMIW i )

s y s t e m s  dcsip,ncd for marly kilotl~c(~ Is (!I si:l II
relay. ‘1’hc  M1:IIX  rover is planned t(i ta~l~,i II In
t h e  Iandcr only  10’s of mclcrs atld it] l)lt)lt,t)  :,[

dcmcmsl[alions w a s  capab]c of ;I(c’(,l[<+’ll(

communication through low powcI (I Ifidr I ,) f\’:
(l}l}; m o d e m s .  W h e n  survcyin~  (It( ihl,t 1,1, }

no space fli~,llt qualified cquivalctlt  s>,s(I.  III, \\, tt
a v a i l a b l e  ancl ol)ly  a fcw mil-spcc  Iatl II) II II I(!C L
uwc  idciltificcf as applicable, but at a i)t fillil  it VL

cost. “1’flc MI:IIX  projccl  (LIIIICd  (,I IIC

commctcial  matkct  a n d ,  in palliculal$  OIIC  f)! t ic

Iarg,csl cotnmcic ial t]]arlufacture[s  ~,1 \I} i L I .  .
cotl~rl~~tt]ic:itic>ll  dcviccs,  M o t o r o l a ,  ii.) :! AI i L
\vllicll  tvwld stitis[y its da(a tlansf~~[  11~.t(l~.,

‘1’bc  RN I; ’I’ modcn]  w a s  choscI~ botl  I I(N iI. 10\\

pO\VCI  a n d  roggcd  packagin~,  most 111.;II  ;:,  .llil ,.1

f(w tbc Illissio[l  environment. Y e t ,  llli~ I{ Iii  I

modcm Wollld ]]ccd to srrli$f~! 111(’ 111 ;1

Icxlulfcnlcilts (oimalc fron] -ft Oclcp,~  to ‘140cicg,(’
ill (tic M’t II), (~]M.’I,ilt,  IIl)dci ]-a(lia(iolt  c o n d i t i o n s

(WIJCIC latclJ.IIp  \vill  IIOt occur  for a l,}i’1’ b e l o w
30), aII(l sur~ i\’c ii (IUI  i\wi dynamic cnvir(mmenl
~<so~iat~(i  \\illl a 50g, lal~ditlp,  l o a d . J] ’l. and
hlotolola” (’lif’,illvul> \YoI kcd Iogcthcr  to

( Ilat (ictci  ize pcl IhIII~aIIcc  a{ k]npwatmc and undci
]i+(iiti( ion, ali(i a(lal~t  IIIC radio mo(icm a n d  i t s

sullJuwtil\~, clc<’tlwlics to  funct ion under  t]~c
Ic’(!uirc{i wnditiotl\

II] C:llly lcst!t]~, ktlctl-u]) o f  t h e  modcm  would
OC(UI at a I ,1.’1 utl(lc[ ?$. I Iowcvcr,  the latch-up

WI<  lloI1-(lCS[l  llL’(l\’C.  ttlc nlodcm w a s  icfi in a

Iat(’11  Ilp S(al( fol {l\’L’t I h[ >  pow’cl-  Cyclcc!,  tbcn
Sll(w ]1 t () \\ork. ]no~)crly  thcrcaficr.  ‘1’hc

a(i;lplaliotl  o f ’  Ii]u lllo(ictl~ lilcn invoivcci Iilc
il~i(iiliol) of citcuillj al](i soflwat-c  c o n t r o l  t o
dct~x ~ an(i ttlcll c{~t It.cl tilrou{;il a power cycle of
tllc ci~vicc wl)m a lotcil-l]i~ occurs.

(ii\rcil  tlm[ the ]Ilallufactureis  ratinp,  of the modcm
\ \  a. {[)] op,tilli(,l) I)cllvCcl) of -30(iCp,~ a n d

145(iI.’g,(’,  the hfli’1 X III (jcct planncci to test the

II IO:iCIIIS  at io\vLI  lcll]l)craturcs and sclccl  ti]osc

wllic}i \vouici OiKI  a(c bc;I ttlt  ougl]  t b c  f4tjdcg(;

Ic[l[ixldturt’ ItiII!:c {01 IIIC \~’I;Il. ‘i’his testing
aIId  sclcclion p]ot{’><  tc~ultc(i in d e v i c e s  whici]
\vo kc(i accc})tal,  iy (i. e., bit cl-[or mtcs Icss than

I 01 .-5)  tllrouf,llollt  I})c lcll)pcrat Ltrc r a n g e  a~
(i<’l(:]rt~itlcci Iillollp,il (c~rllltllltlicati(l[l to an
txttv  ]liil, lvfctcvl~c  t[l(ximn tllair]taincd  a t  r o o m
tclllpcraturl’.  ill ctliirtlctcr imliorl  tests of pairs cf

iIllo’. cllls wllcic  tcl)tpcratulcs can v a r y  ( t h e
co[lditio]l  ol[ilc hli IX t]lission wi~cre  a modcm
011 tile Ial\dcr \vill bc at a  tc!npcraturc ciistinct

fI otl~ lilat of a ttI(Kic]rI  or] tile rover), performance
(ic~,ra, icd: [Ji[ CII(II ],ltcs of y,reatcr tllatl I()}L-3

\vclL. obsct  vc(i, ‘i IIC cause o f  t h e  pIO~lCIIl  Ivas

fIclimiIc)’  drifl i[l Iii[ c[yslai  o s c i l l a t o r  ( a n t i
r~’la[c,  i par[s of” til~ (iw~]itly) of the modcm  at

tc]rlpul,ttutrs  lj~i(~~] -? Odc:(I.  AN e x t e r n a l ,
tcl]lpcldt[lrc  cotltrollt(i  cIysHil oscillator is unclcr
cotlsi(lcrati(m  f(tr It’llia(cmci}t of lbc crystal
oscili; itol inckap,c(i I\ i(il tile l{ NI;’i’  modcm.

‘i’l Ii. TLpi[icciliclI( \\(Jlild  I)LCd 10 occur after tllc
dcIi\Clj 0{’ til{, hll I  X ItJ\CI (o tbc h4i’}; fli~ht

sys[c’ti] and tx. pal[ of a  lctr~lfi[,  priol to iaLtnch.
Al(crllatel),  a llcatitl~l sciIcIIIc has been evaluated

af]ci slI(wI t o  i]lli~r(~\’c titc i)crfbrmancc  of tile
]tlo(ictt}s.  “III(I  II IO(lCIII  is cquit)pcd \vittl  a bcatcl
wililil is p(Iufc  IL@oII  \\l IuIIc>\,c[  tile tcn]pcrWL][c  in

!Ilc U’1 11 is bL’Io\\’  - I (kic~,(  iilld cc)]llt]ll]]licatiot]
b?tv’c,tt  tile rovc[  atId i;iIIdcI  is required,



]l)slllali(ju.c)fll]~  WI:]]

‘1’hc rlqaircmcnts  for  t h e  Il)crmal d(~i:,ll (I! III.

WI;ll  W(XC 10  ]Ilair]tail)  clcc(I\)IIjcL,  1,1,  lli)ll(

j4&fcp,C:  tcmpc[alarc  langc  in llIc [IICNII,( (  { .I

distil)cl lhcrunal  cnvironmcak: ()[lL”iilli(~li\  ~)11

Ilarth darinp,  Ics(, 01) the la LIII(l I ~IL, i ill

ccmfip,at-aticm with tllc Ml’l; laTIdLi, [IWW,

attachccf  to the lanctcr o p c m  dclivcl  ~ to \4 I ~
M a r s  sat facc cxplora(icm. la acldi(i(~ll, III( \i’I 1,
was rcqairtxf  10 lncct a mass targ,ct of u]]4i,i ?I,:I
s a t i s f y  Illc (iOcta  x 48cal  footpritl(  of (IIIL  \L.lti IL

and satisfy a heal Icak rcqaircmc]l(  of Itllcicl  :’\’T’.

$Wcr’al il)sll]a(iol)  tL’Chl)iqUCS  \VCIC C(lll$.11,{:1{.’( i~M

lhc apl)licalioa:  owrcns-Cort~iag,  Au!,1 i ‘f \ t, II tII
jackctcd  f i b e r  iasalation,  polyu Iull IoII. 1,1 I I I

opacificcd  acfogcl  powder cncapsulat{.xl  III t\L)r  ~

lioncycomb  core, and solid silica ;IcI~l:I{  I II ~
Sllcct and spar slractoral dcsi~:ll. ‘i Ill.
nontip,idiz.c(f  vacaom  botllc  conccl~: 01 ( h! L )~

(:otaill:,  AatalAi  cssca(ially  aws  {tlitl  III (i+

Sllccts scaled around cvacoatr(l  fIlk. !,,: I\

i]lsulal  ion. AMIoaS,h accqwl  ,Iy IOU it
condaclivily, tl]c Cdp,c  Cftkcls of II II; irl(in  ](i Iifl
small panels were in~practical  ~i\~ctl llIL  II(ILI [Lx

a(fcfitioaal mass to  sapporl  t h e  d(. IjIII “1 Ill

polyatctllanc  fi~am was balky atld 111( I Cl.+III  (’( I

amoutll  for t h e  t h e r m a l  ctcsign c(lat(i II(II  Ih

satisfied within  the volan)c  and IIIa\, CI)II,III<I It,

of the rover. ‘1’hc cfcsip,a dcvclojwd  11~111$1 III(

opacificd acrop)cl powctcr ia lilt’ Poll (,,\

hotlcyco]nb  had acceptable Ihcrlllzil ]wII[1:,2.,

characteristics. IIowevcr, two pJol}ltIIIs  ci[llikt,,
\vtlca a W1l II of tt~is cfcsip,t] }vaf t~[IIl[ “1 11(
o])acific(ialt][l)il)t]l)l acfdcd (0 [}IC aclo;!,tl  l,. I,hl:I

aVailaI)l  C COll)lll  CrCia]ly  ICSUltCCf  ill a [)lllk (;cII lj\

o f  1601a@cc.  T h e  resalting  ins[llall[,tt  (It<i  1,~1
mcc( tllc nlass rcqairctncnt.  la iid(llti(lfl,  itli iii

dynamic  tcstinp, o f  t h e  WI~Il wit}l tlli~ Ll~<I:I,I

sl]mvcd a lcudcncy for separation of ttlc t1131Ll i:i’

rcsullill~, in ‘col(i  spots’. AIII]ON}  III II Ii\ \I,I

most ptcwalet][  in wcigh[lcss  Corldili<)lli  \~llI (1
C.olllcf  Ix adctrcsscd  by other mcat)s  (Illtit]:,  L{(I ,C
aIlotlIc  I (Icsigyl \vasconsidcred,

‘1’hc solid s i l i c a  acl-op,cl  w a s  SC ILLICX1 :{{>  III(
i n h a l a t i o n  malc~ial for t h e  MI:I:X ILIVi.I  CiIL t~

p o s i t i v e  Cxpclin)cnlal  and alla] y[i(;ll  t[.(!ll~  l.)

thcr[l~al conductivity  and bulk  (luil,itl~.  11 1

Il]anafiic[arc  of? O[n#cc  which oflcic(i  pt{jl[..~  (i
nlccting  t h e  [IIaw  reqailcmcat.  ‘1’1)1s  SC II:tl IIII

Wai tIot  witllo[lt i{s ov,, [I p r o b l e m s ,  s i n c e  t h e

Tlla(critil al tltis (icilsitv  was  prodaccd  ia an

a[lto(lavc uaiqur t o  a  .I1’I. lccht)o]ogy  progrwn

iifi(i L)IIIJ’ in q u a n t i t i e s  saflicicnl fo r  use it) a
i) I(~p(I{cd SCIIWI  [II Op,ta III;, A l s o  t h i s  dccisioa

\\a. tLachcd  (JtIly aflct  lhc atmvc approaches had

bc(tllcjcclccf:  tllc al)l,[oacllcs used in cfcvcloping

LIlc c<~st csli]t]alc fin Itlc prcjccl,  ‘1’hc t i m e  was
18t]l~)rltlis (3/94  )illtot  llc~)lc)jcct  atlcl a WIiIl of
all ii(  CC[)(tl[”)lC dLsi{l,t] \vas (I11C f o r  i n i t i a l
itil{.fl[iti(m with OIIICI rover components withia 9
IiIc)atlIs (12~94). A  si~,llificat]( dcsiga and
dc\’Cl(J~)l[l Clll Cfl(jti oy h41’l~X cn~inccrs amf
lccl]llolo[:is~s CIIS(IL’CI, Icsulling in lhc

I I ian( l (ac . lu te  of a R’1 11 fbt cvalaatioa and test

(1/’)5) ‘1’11(’  SLl(’CCS\  of”  tllc first ttlcr[]]al
cjl\ir~Jnrnctlt  slid (Iyllalnics  t e s t  k e p t  MI;Iu  X
I()\ci it]tcp,ta(io]l  (III sctlcdulc  b a t  a l  t h e  c o s t  o f

Ilic  fllst si~,tlif’lc:lll  l:~ll{)ctil  io]lofrcscr\cs.”

sof[\\t IIgI)cvelo])III  cIIt”  hlodcl

l’[i,)r  IO tlIc itliji,ttio]l  oftt)c M1:IIX p r o j e c t  a
l{():l.  yl~cl)iclc  l];l(ll,ccl)  dctl]oas[ratcd performing
;) S(i[mcc  tllissit)ll tcsclllblit]g  the i n i t i a l l y
])lar)IIcd  irl~(.sti:,a[iol]s  fol IIIC Ml)l; m i s s i o n ,

‘11]4:  $ucccss  ofltlii dcttlotlstratioa  established a
tcclll}olo~yb:isclil~c  f(}t t h e  h41;l;X plojcct. Ilat

tilw)  t~, salted  ill thv ciclivcl-j, of the Rocky  vchiclc

(J(ocL.v4)loth( pl(jlct

t{o;ky4.1 \ttistll(l< c)cky\c liiclcstr-irJpccl  to the

Ixtrc  chassis f<u Itlotlility tcstiag, it) sand and
Iatlal sialula]lt.  hlt)tols  and m e c h a n i s m s  \vllich

wcvc  CIOSC allalo:s  of llIosc  considered fbr the
(}ipllt  r(J\c]\  vclca(l(lc{ff  t)rt}lcsctcsts, J<ocky  4.1
ww  II ICI I al)f:td(lc+.i witlt a wire-wrap completing

I,lcd(ll)oard,  tl)c f!>fILI  aII(i accclcromctcrss  clcc[e(i

I’(II tllc.flipllt lol~l,[o tl]tl)ctcialc at))  crtis” and law

sllipcrs, aIId  tllc  I{NI’I  rtidio modcm. ‘1 his
vclliclc  (I<ocfiy  4 . ? ) twcamc  t h e  tcstbcd  km
s(Jfil\ ittc(lcvcl(J]  ]tllct]l. ‘I”flctxisic navigation and

lwzdld avoidallm  al~,()[ittlnls,  m o t o r  and vclliclc
(otltr[)l  stratcp,  ics, tllc c[)r]ltt]llr]icatior]  protocol,
(.olllll land and tvlcltlrlly formats, and Ihc
111  Ci))oly l]}ar)a~,(ll’ lt’[1[ illld ])loccssil)~, af’Cllit(>ct  Ul’Ls

o f  tllc K41 1X ro\L.i \\a\ dc\~clopcct on Illis

[cstbt(i.  A vclsi(]ll  (If (Ilis soft\vate  \ v a s  running
011 R(wky  ft. ? t)y tll(’ cl)cf of the first year ofthc

plujc,l aIId cjal~l;l(i(m~ it) a  s a n d b o x  w e r e

(Lltl(i(l(tc(t,



Wbcn  IIIC fir’s{  Maxon  m o t o r s  allcl ~Ica[i I{~~:.
i n t e n d e d  f o r  t}lc  Ml:liX  mvcr  ww~  ii\i\il;  tl!(’,

Rocky  w a s  rc(mfit(ccf  becomin~,  R(wl.y 4 3.
Sof[wlilc  Cicvclopmcnl  cent inucct  w,itll  u[J:I,I ,:,k (f

tbc  vclliclc cont[ol and Inonitorin!), aljIotI [lit I.

In addilion, Rocky  4.3 supporlcci  tl]c f’llfl  tli~!l[,

cnri  data systcm tcsl e.ondocted b)’ IIIC hl 1 ’  I
p r o j e c t .  la this test, collllllllllicali{~ll  l,{ I \v( it

f{ocky,  a tcstbcd  v e r s i o n  o f  t b c  Kfl’1 hi: III

conlpu(et ancl tllc first version of the y,[cnltl(i d 1A
systcm cstablisbcct tbc fLlnctionality  of [lli~. ~ lt(

of tbc mission data flow and allo\\cd illl~i(.(
ap,rL’cnlcnts a m o n g  tbc var ious SySl  CIIl$i  IIJ Ik

involved to bc \’crificd.  J{ocky 4.4 c{ntlaill{ l.+ ‘~ I(
fiIsI assmblccl  carncras a n d  Iascts oi IIIC MI I \
tovcr d e s i g n  a n d  s u p p o r t e d  tllc ICS[ 01 ~‘ IL

cn~,incc[ing, m o d e l  o f  tbc APXS  dCl)l(Ijf  III III

mccbanism.

‘1’bc lilst  plotolypc  Conlplltcl and ]>()\ c1
distl-ibution  boards  f o r  tbc Ml; l :X to~Ic r \ :1.

d e v e l o p e d  i n  a  w i r e  wrap})cd  b] ti~~lx) .I(;
con fig,ulalion. Wbcn  con flgurcct \vitll  tlIc I L\l o

tbc f<ocky vcbiclc,  Ibis bccamc Rock} 4.5 “1 1,(

m a s s  allci volulnc  o f  t h i s  brawb~ml(l  ~~[ t)

clcclronics  ma(ic R o c k y  4.5  tbe flrs( 11011111(1111(

vcbiclc  in the Rocky series. I  l(l\\’r\’tl  ,  i i .  i’

bc[lcb top tcstbcd,  tbe interfaces to fti{),ht \L I >i II
of Component e l e c t r o n i c s  a n d  IIIC  s~)f[u ,Ir(

m a n a g e m e n t  of tllc M1:}lX rovcl scn:xM  ~. \I ().
vcrificcl with Rocky  4.5.

‘Ihc final prototype in this series \va~ I<(K ky : (,
w i t h  a  discrctc  w i r e d ,  printccl citctli[  Iw I (1

vcrsioll  of Ibc MI:l{X rover clcctfmlics.  All I]ill :
fcw o f  [tic conlponcnts o n  tbcsc  cil  (uit lhw (i.

WCI’C fl i@l parts. ‘1’bc construct i[ll] f)l t}!. .t
Imal-ds  tcs(cd  (hc p r o d u c t i o n  ptm uw ii)] III(
cvcnlual  ftigbt  electronics boards fol Ill!; !\L I” I >,

r o v e r  atld WCI-C t b c  fL]nctional aII(l [)11)s  {i’
cquivalcllt  of tbcsc boards. Wbilc  tll C (’\i~k;lll(ll

model of tbc MF’IIX rover was bcill~ C(JII\I  I U( t’{

(tbc Systcm Integrat ion Model  lot  ci {.): S1 “,1 I

Rocky 4.6 was tl)c tcstbcd for tbc fli~’,llt sOIIW IL

‘1’bc tin~ing and interface pl oto~tll~ [(1 [!1

clcclmnics  wclc dcvclopccl  a n d  1( ~lt d “: 111
s(wctolc,  siz,c and data nlanag,  clnc]lt  t.1111,1,).  (.,;

by lbc fligbl  software was verified 011 R(k k \ ~,(,
and this vcbiclc  par(icipatcd  in tbc flll:ll  1111. IC.i [~

[bc  end-to-end illfornlation  systc[n  t(’\(i  1)1  itlt ((I

tllc initiation of tbc Assembly, Test HIIII  I iiil 1111
(J>cra[ions (A’1’f .()) for tbc Ml’I: lnt[Icc(.

l<ock) scr\rs a\ tllc t)csl ckalllplc  o f  tl)c ‘rapici
}M t)lo[>pc’  lM~KXs\  used by tllc Ml;l :X p[-ojcct.

“1 tltou~bol]t  ttlc ctltiru  coufx of  tbc project  a
‘tclsioll” o f  tllL c\cn(ual  f l i g h t  vchiclc  \vas

a\ ’ailtil)lc fol sollN alc development, systcm test
a{ld c\aluatioll ])NTIN)scs.

SYS’I  I;hl IN 1 I:(; ){A’I  ION Molll{l.  (SIM)

‘III( final SICIM o f  IIIC itlll~lctlletltatio[l  process
LihcL.i I,y tbc Ml’1 :>: Ijltject \~ as tbc cfcvelopmcnt

iti tatldcm of t\\o Ii)\Ict vchiclcs : tllc ‘Systcm

lll[[~,t,itiotl  h40dcl’  o] Slh4 allci tbc [:lipl)t  (Jnit
l(o\cI ot l;(ll<.

“ 1  II( SliVl  \vii< illt~ildcd a s  tbc cnp,inccring  or
c\al[)iiion inodcl (J! [IIC cvctltual h41:IlX rover.

Al l  :t~scttlbl} lM{)rcduIcs,  e n v i r o n m e n t  tcsls,
fLlll.li[~l]al  tcsli.  fIl (i}ccks,  cleaning procedures

tiIId F, I t)uftd SUI)IKM  I cqui~ltnctlt  development were
fils ( lIcckcd (MI [IIC Slh4 befb[c bcin:,  applied to
t i l l ’  I (Jl<. Sillcc tile Slh4 a n t i  I’UR w e r e
( (~[lsll~lctul  [(1 ItIC SaIIIC set of biuci~ritlts,  tile test

mlmt  i(ncc (If [II( S1 h4 was a (iircct analog to ti~c
~\~i)[(iiil pcI f(MIIIaIICC o f  tbc i’tJi{ un(icr simiiar
test (,)rl(iitiotl<.  ‘1 IIC usual ‘qualification level’
Ics[ (onditi(~rls \\clL. appiicd t o  ti~c S I M :
k’lllpcla(w cxtrLitlcs ] ~dC~,~  bcymi  ti)c
Ckpcl (t’(i Ilolllllliil conditions, s t a t i c  ioaci

coll(i]tions  3 si~,llla al]ovc  p r e d i c t s ,  d y n a m i c
]oa 1< ii fw(o] o f  2 tilmvc ti]osc cstabi isbcd fin

llif’i](  accciltiitm,  e t c . Ail but onc test was
p:i<w,i b y  tbc Si hfi,  ~iiitl~,  confrdcnce  [ b a t  ti~c

I’(IR U’i)cll  Cxl)osc’(i to ‘fligtlt  acccptmcc icvcls’
of III( salllr  tcst~ wouid  })ass witi~oot a probicm.

‘ i  II( UI)C  ICSI (asr  fiiilurr  occorrcd  during  ti)e
c(’nll ifilp,c test of tllc Sih4. in ti~c t ic -down
C{M fi~’umtitln  o f  tile tovct t o  tbc h41’1: iandcr
pct<ii \vlIcci  cicat\ II ICSII t o  simiiar matcriai o n

tllr ]Iloutitill{, llarci\vtirc o n  tllc i)ctal. I)LIC tO

wcl~t (Jftilc cleat\ tlltoup,ll liIc extensive series of

ful)c(lonal tcits (tl Ie ccnti  ifu.ge w a s  t h e  iast

CII\ il{)])mc[lt test of tllc S] M), cicat bonds faiicd

atl(i :! wilcci  IL’iC4\\rd o n  tbc finai a x i s  o f  tbc
c(’l)tl ilil~,c  trs[. [ot;tlilif~, amutl(i tl)c wlIcci  ca.gcs  to
stt i!i( and [ia!l]a:’,c  [\Ic Slh4 solar’ panci. ‘Ibis

lcd til a rtdvsi~’,11  t~f tllc wilcci  c l e a t s  a n d  t b c
illtlo[l~lctioll  of I i\ct\ to all{gl~cnt ti~c cicat bonds.

‘1 ill \\lIccl  of”tlli\  rcviwti  dcsig,n was tested with

Itlc I Lll{ irl [I (~vltlif(l~,c  test at tbc flip,bt

ii.ct~j)i;tt)c~ lcvcl~ aII(l ttlc 1:1 JR passed ti]is test
\\illl(!ut  itlcidcill, ‘i IIC SiM with tbc revised



,,

w’llecl cleats  \vill bc tested af, aitl  ;0: 111’
qoalificaticm  Icvcls for static loads.

Wilb (IIC assclllt,ly,  test and dcli\c[> (It’ tllr  I ( 11~
to lhc Ml’}: projcc( c o m p l e t e d ,  IIIC SILI I I;,,
bccxmlc (I1c tcs(bcd supporlil  II!, fs(. ) i\ ,11(

paramclcrs  (un ing, opcralicms  plarl]i)t)!’ ,1’1 i

pcrscmncl  training  for  tbc opcratiorl }Jlla;i of ltlt
l’a(bfindcr  mission. As a part of (Ilcsc a~ {iiillts

(IIC Slh4 w i l l  uactcrgo fickt tcstillp, III oul(i)()

Icsl fac.ilitics a t J]’].  ‘ a[ld ci\:’\l, 11 .1(
dclncmstrrrtin.g Illc mbustncss of llic [~li)t, il][j.

navigation and hazard trvoictanec syslci Jt\

As tcstatncni  to the bcllcfll 01 lfli.,

itlll>lctllctltalic)tl approach, the ] (II< \’, ,1

intcp,ratcct w i t h  tbc Ml’I:  latldct w i[tl[~~ll , 1

pIoblcIn, salisfjfillg  all mcchanicfil atl(l t:l{c t, ,,til

intcrfacc  rcquircincnts, “Il)c So{lwdlt d(’ll\  L ((1
with tlIc l;t JI{ has been showl~  to W{JIL \\ I(II 111[

Ml’}: Iancicr flip,ht computer soflwat~  arid II,I(W ,(i
sys(cm. All can be attributed to tllr inm CI)tct  LI,tl

lcsl and ctcvclopmcal  a p p r o a c h  cIi)lJlo\Lfl  I ~j
MI’l;X.

S~JMMARY

‘1’hc  ‘rapid  pro[otypirlg> approach 01 thf hl I I .X

project has proved successful in lcz(lIII~  I(I IIIL
dclivcl-y oftbc MI’I;X  mvcr  to t h e  hfl)l lli~ II!
system, As can bc seen in li~,. ), tllr c I:J

illcarrcd  by the plojcc[  at time of (Ilis deli\{.t} is
roughly two-t b]rds of the avallablc  rcsoutf  ~.,

,,r---— —.-. -—.— . . . . .
,, I

——. . .:: :;:,,.. ::.,

.-.
-.!.

I’ip,. 2 M1’IIX (’ml  l’erfomaocc

“1’hc  ill~~~lct~~ci~t:ltiol~ p l a n  dcvclolwd  dill I]lf  tl t
first ycm of the l~rojccl and presented aI tll~ hl } I‘
p r o j e c t  ])csip,n, llll~llctilclltatiotl  aIItl  {’(I I

Review (1)1(; 1{) ttas proved rcmalkal,lj :({ III<tI

‘lhc small rcsc!vc oftbc MI~l~,X projr(t  (I,i, III,  II
$3M of the $25h4 COSI cap)  and O]IIJ  /l\id\l~’.

af[cl Illc fifsl yc<II  (~f(llc project has been suflicicnt

10 addlcs~  pIOblc(IIS  in the dcvclopmcnt  auci test

]Jt(Ip,I~iIII  COII(IIILII:(I t)y IIIC ~) Iojcc.t.  A s  the first

fli~,,lll IIliclmmw (Im’clo]lmcrlt, t h e  M}:liX
}Ir(lj(’ct  Ilai sllo\Yll  Illal a tcctlllolop,y c{cvclopolcrlt

call I,c takun llIicJ:i~III iftll~lctllci~taliotl  in the span
of 4 0  mol~llls  IIiitlp,  t h e  approacl)  dcscribcd
Ilclcitl.  ‘1 ttc st]lall h41’IX ellp,inccrin~, staff looks

fo] wal  d to the lfiuIIcl I rIIId  opcratioo phase of tbe
nlisslon.

A(’KN()\\’l  .l:l)(ih4i:N’l

‘1 11<,  I(scatcll  dCSCI  it)cd it) ttlis paper was carried

oat by t}lc Jet l}[f)l]lllsi(~l~  I,aborator>’, ~alifornia

IIlstil;llc  of’ ‘1 c(tlllolo~:~, II IIdeI- a cootract wi th
Illc Natiotla  J Acl(mautics and Space
Ac{llllllistratif)rl.
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